Objectives: Heroin-related deaths have increased substantially in the past 10 years in the United States, particularly in Florida. Our objectives were to measure heroin-related morbidity and mortality rates in Orange County, Florida, and to assess trends in those rates during 2010-2014. Methods: We used 3 heroin surveillance methods, based on data from the Florida Medical Examiner, the Florida Agency for Health Care Administration (AHCA), and the Electronic Surveillance System for the Early Notification of Community-Based Epidemics-Florida (ESSENCE-FL). We conducted descriptive and geographic spatial analyses of all 3 data sets, determined heroin-related mortality and morbidity (emergency department [ED] visit) rates, and compared the timeliness of data availability from the 3 data sources. Results: Heroin-related deaths in Orange County increased by 590%, from 10 in 2010 to 69 in 2014. Heroin-related ED visits during the same period increased 12-fold (from 13 to 154) and 6-fold (from 49 to 307) when based on AHCA and ESSENCE-FL data, respectively. ESSENCE-FL identified 140% more heroin-related visits than did AHCA. Spatial analysis found geographic clustering of heroin-related morbidity and mortality. Hospitals facing the greatest burden of heroin-related ED visits were close to communities with the highest crude heroin-related ED visit rates. Of the 3 data sources, ESSENCE-FL provided the timeliest data availability. Conclusions: These 3 data sources can be considered acceptable surveillance systems for monitoring heroin-related events in Orange County. The timely availability of data from ESSENCE-FL makes it the most useful source for obtaining near-real-time data about the heroin epidemic, potentially leading to improved identification of populations most in need of interventions to reduce morbidity and mortality.
prescriptions dropping from 26 049 per 100 000 population in 2010 to 19 790 per 100 000 population in 2012) and in deaths rates from prescription drug overdoses (from 14.5 per 100 000 population in 2010 to 11.1 per 100 000 population in 2012) suggests that these initiatives in Florida were successful. 4 In addition to deaths involving prescription opioids, the number of heroin-related drug-poisoning deaths has also increased in recent years. 2 A recent study by Rudd et al reported that from 2010 to 2012, heroin overdose deaths in 28 states doubled from 1779 to 3635. 6 In 2013, >8200 deaths in the United States resulted from heroin-related overdoses; the annual age-adjusted rate was 2.7 heroinrelated deaths per 100 000 population, almost quadruple the rate observed in 2000 of 0.7 deaths per 100 000 population. 2, 7 The potential reasons for this rise in heroin use have included the emergence of chemical tolerance toward prescription opioids, the increasing difficulty in obtaining prescription opioids illegally, 8 and the fact that heroin may now be cheaper and easier to obtain than prescription opioids. [9] [10] [11] Florida has had similar trends. Heroin was responsible for more deaths in the state in 2014 than in the prior 15 years. The drug was involved in 447 deaths in Florida in 2014, a 125% increase from the 199 heroin-related deaths in 2013. In 2014, Orange County in particular had one of the highest heroin-related mortality rates in Florida, second only to Manatee County. 12 We reasoned that an investigation into the heroin-related morbidity and mortality in Orange County might provide a better understanding of heroin use and its consequences, potentially aiding in identifying high-risk populations that might benefit from interventions to prevent heroinrelated morbidity and mortality.
We conducted heroin-related morbidity and mortality surveillance in Orange County, Florida, using 3 data sources to estimate heroin-related events involving Orange County residents or occurring in Orange County hospitals. To assess heroin-related morbidity, we tracked trends in heroin-related emergency department (ED) visits in Orange County. Although rates of heroin-related mortality have been documented by others, 6, 12 we also tracked trends in heroin-related deaths in Orange County. Our objectives were to (1) measure local heroin-related morbidity and mortality rates and (2) assess trends in those rates from 2010 to 2014.
Methods
We identified heroin-related deaths in Orange County and heroin-related ED visits made by Orange County residents and made to Orange County hospitals between January 1, 2010, and December 31, 2014. Because this study only included de-identified data and no human subjects, institutional review board review was not required.
Mortality Surveillance
We obtained an unpublished Florida Medical Examiner data set, which identified heroin-related deaths as those in which heroin was listed as a cause of death or heroin was identified in the bloodstream of the deceased at the time of death. We conducted a descriptive analysis of the demographic characteristics (eg, sex, race/ethnicity, and age) of those who died to better understand the affected population. We obtained denominator data from the US Census Bureau, 2010 Demographic Profile, 13 and calculated crude heroin-related mortality rates per 10 000 population by ZIP code.
Morbidity Surveillance
To analyze heroin-related morbidity in Orange County, we measured heroin-related ED visits using 2 unpublished surveillance system databases: the Florida Agency for Health Care Administration (AHCA) and the Electronic Surveillance System for the Early Notification of Community-Based Epidemics-Florida (ESSENCE-FL). Neither database contained unique patient identifiers (eg, Social Security numbers), so we were unable to de-duplicate the data that we obtained from either system. We conducted a descriptive analysis of the demographic characteristics of the AHCA population, including sex, race/ethnicity, and age; however, ESSENCE-FL allowed us to capture only sex and age characteristics. Using the ED visit and US Census Bureau 2010 Demographic Profile data, we calculated crude heroinrelated morbidity rates per 10 000 population by ZIP code. Using the ED visit data, we determined the total number of heroin-related ED visits, by patient residence and hospital location, in Orange County from 2010 to 2014.
AHCA
AHCA, an agency that was statutorily created by chapter 20, Florida Statutes, is the principal health policy and planning entity in Florida. AHCA is responsible for the state's Medicaid program, the licensure of its health care facilities, and the sharing of health care data. 14 It maintains records, based on required reporting by licensed hospitals, of inpatient, ambulatory care, and ED visits from across the state. Each row in the AHCA ED database contained details pertaining to one patient's ED visit and included, among other things, demographic characteristics (including residence location), chief complaint codes, diagnosis codes, and the name and location of the treating hospital.
We used Centers for Disease Control and Prevention presentation and guide resources to validate the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes used for this analysis. 15, 16 We used the ICD-9-CM code 965.01 (poisoning by heroin) to identify heroin-related visits, searching for it in the chief complaint field, discharge diagnosis field, and up to 9 other diagnosis fields in the ED visit records of the AHCA database. We used the external cause of injury code (E-code) E850.0 (accidental poisoning by heroin) to identify heroin-related visits, searching in the 3 E-code fields in the ED visit records. We then filtered this subset of heroin poisoning visits by the patient's residence and by the treating hospital's location. We did not use International Classification of Diseases, Tenth Revision codes, because we did not analyze data after the third quarter of 2015, and these new codes were not implemented until October 1, 2015.
For our analysis, we defined a heroin-related ED visit as either a visit made to any ED in any Florida hospital by an Orange County resident or a visit made by any person to an Orange County hospital, between January 1, 2010, and December 31, 2014, and in which the visit record included a chief complaint, discharge or other diagnosis, or E-code field with a code for heroin poisoning.
ESSENCE-FL
ESSENCE-FL is a biosurveillance system that collects ED chief complaint and discharge diagnosis data from participating hospitals and urgent care centers in Florida, call data from the Florida Poison Information Center Network, mortality data from the Florida Office of Vital Statistics, and reportable disease information from the state's data repository, Merlin. 17 We used the ESSENCE-FL database to identify heroin-related ED visits, both by a patient's residence and by the treating hospital's location.
For our analysis, we identified heroin-related ED visits by querying the ESSENCE-FL system for the location of patient residence in which the region under the geography system heading was set to "Orange, FL." We set the time resolution for this query as monthly, with start and end dates of January 1, 2010, and December 31, 2014, respectively. To search for heroin-related ED visits made by Orange County residents, we queried the chief complaint and discharge diagnosis field in ED visit records. This field allows for free-text entries and uses the caret symbol ( ∧ ) for wildcards and multiple entries. During a previous search for heroin-related ED visits in ESSENCE-FL, we noticed various misspellings for "heroin" in the chief complaint field. Because of the various spellings and our desire to capture all heroin-related visits, we queried the ESSENCE-FL database for not only the term "heroin" but also for its related misspellings:
To determine the number of heroin-related ED visits made to Orange County hospitals, we queried the ESSENCE-FL database with the same location parameters that were used for patients, except we searched by hospital location instead of the patient's residence. For our search in ESSENCE-FL, we defined a heroin-related ED visit as either a visit made by any Orange County resident to any Florida hospital or a visit made by any person to an Orange County hospital between January 1, 2010, and December 31, 2014, and in which "heroin" (or a related misspelling) was mentioned in the chief complaint and discharge diagnosis free-text field. We were unable to ascertain race and insurance coverage information because these variables were not completely captured in ESSENCE-FL.
We also determined the relative timeliness of data availability from each data source by continuing to capture data on heroin-related ED visits and deaths after the end of our initial analysis, until the third quarter of 2015, at which time we recorded the date of the most recent ED visit or death from each source.
Statistical Methods
We analyzed data from both morbidity databases (AHCA and ESSENCE-FL) using SAS version 9.4. 18 The Medical Examiner data set contained the deceased's address, not the location where the injury occurred. We linked the Medical Examiner data set by each heroin-related death to a supplemental data set obtained from the Florida Department of Health, Bureau of Emergency Medical Oversight, Health Information and Policy Analysis Section, which contained the location where the heroinrelated injury was reported. We used ArcGIS 10.3.1 and data from each data source about the locations where heroin-related overdose deaths or ED visits occurred to conduct geographic spatial analyses. 19 We created a hotspot map that represented the relative density of where heroin-related injuries (which resulted in death) occurred. In addition, we created 2 choropleth maps, in which particular areas within Orange County were shaded in proportion to ED visits per 10 000 population.
Results

Mortality Surveillance
A total of 145 heroin-related deaths occurred in Orange County from 2010 to 2014, increasing 590% (from 10 in 2010 to 69 in 2014). White men aged 30-34 accounted for 36 (25%) of the deaths and were the predominant group (by race, sex, and age) that died from heroin-related causes ( Table 1 ). The crude mortality rate for 2010-2014 for the entire county was 1.0 heroin-related death per 10 000 population. Among all 72 ZIP codes in Orange County, the top 10 highest heroin-related crude mortality rates ranged from 1.3 per 10 000 population in the 32807 ZIP code to 3.3 per 10 000 population in the 32833 ZIP code. Spatial analysis showed the locations within Orange County that were most heavily affected by heroin-related deaths (Figure 1 ).
Morbidity Surveillance
(n ¼ 154). People who were non-Hispanic (n ¼ 178, 66%), white (n ¼ 212, 79%), male (n ¼ 175, 65%), and aged 18-24 (n ¼ 75, 28%) visited the ED for a heroin-related event more than any other demographic group. More than half (n ¼ 166, 62%) of the heroin-related ED visits were made by uninsured Orange County residents ( Table 2 ). The top 10 crude heroinrelated ED visit rates per 10 000 population from 2010 to 2014 among all Orange County ZIP codes ranged from 4.3 in the 32833 ZIP code to 6.3 in the 32827 ZIP code; the overall crude heroin-related ED visit rate for the county was 2.3 per 10 000 population. Spatial analysis showed that hospitals with the greatest burden of heroin-related ED visits were close to communities with the highest crude heroinrelated ED visit rates (Figure 2 ).
ESSENCE-FL.
Using the ESSENCE-FL database, we found that all heroin-related visits from 2010 to 2014 were made to hospital EDs and none were made to urgent care centers. We identified 643 heroin-related ED visits made by Orange County residents from 2010 to 2014 (Table 1 ). The number of heroin-related ED visits increased 6-fold, from 49 in 2010 to 307 in 2014. Males made the most heroin-related ED visits (n ¼ 447, 70%). Adults aged 30-34 made 160 (25%) heroinrelated ED visits.
The top 10 crude heroin-related ED visit rates per 10 000 population from 2010 to 2014 for all Orange County ZIP codes ranged from 8.5 to 14.5; the overall crude heroinrelated ED visit rate for the entire county was 5.6 per 10 000 population. The ZIP code 32817 had the highest crude heroin-related ED visit rate in Orange County (14.5 per 10 000 population). Spatial analysis showed that hospitals with the greatest burden of heroin-related ED visits were close to communities with the highest crude heroin-related ED visit rates ( Figure 2) .
In comparing data from the 3 sources, we found that heroin-related morbidity and mortality trended similarly over time and that each source provided relatively timely data (Figure 3 ). However, at the time of our later analysis, during the third quarter of 2015, heroin-related morbidity data were available from ESSENCE-FL through the third quarter of 2015 and from AHCA through the first quarter of 2015; heroin-related mortality data were available from the Florida Medical Examiner only through the fourth quarter of 2014. 
Discussion
We demonstrated a novel use of existing data sources in Florida to monitor an emerging health issue, heroin poisoning. All 3 data systems showed an increase in heroin-related events from 2010 to 2014; most events occurred in 2014.
We found 140% more heroin-related ED visits in the ESSENCE-FL database than in the AHCA database. This difference was likely due to how each system captured heroin-related ED visits. In AHCA, ED visits specific to heroin poisoning were identified by ICD-9-CM code entries in the chief complaint and discharge (and other) diagnosis fields; in ESSENCE-FL, the visits were identified by freetext entries in a single chief complaint and discharge diagnosis field. Some health care providers and medical coders may classify heroin more generally as an opioid. Thus, some patients seeking care related to heroin use at an ED could have had chief complaints or discharge diagnoses that were coded as "opioid poisoning" rather than "heroin poisoning." Because the AHCA database contained only coded data, patients whose records were coded for "opioid poisoning" would not have been captured in our analysis with the AHCA database and therefore would have resulted in an underestimation of heroin-related morbidity. Conversely, the ESSENCE-FL database primarily contained free-text data. Therefore, if patients came to an ED with any chief complaint related to heroin or if heroin was mentioned in any way in the patient's discharge diagnosis (eg, heroin poisoning, patient requesting detox from heroin, heroin withdrawal), these patients would have been captured in our analysis with the ESSENCE-FL database. Additionally, records with freetext phrases such as "no longer uses heroin" or "quit using heroin" may have been captured as heroin-related ED visits. Thus, it is likely that the use of free-text entries in the ESSENCE-FL database led to more observed heroinrelated ED visits compared with the AHCA database and resulted in some overestimation of ED visits.
We observed that the highest proportion of heroin-related deaths and ED visits occurred among males who were white, non-Hispanic, and aged 18-34. This finding parallels the findings of other reports that examined heroin morbidity and mortality trends in the United States. 2, 6 A survey conducted by Cicero et al found a marked shift in the demographic characteristics of heroin users during the past several decades. The survey found that the heroin problem was not only an inner-city issue primarily affecting racial/ethnic minority populations; rather, it extended to white middleclass men and women living outside of large urban areas. 11 The survey by Cicero et al also found that many recent heroin users had transitioned from prescription opioids and were using heroin because it was cheaper and more accessible than prescription opioids. 11 Indeed, decreased accessibility to prescription opioids has been noted in Florida. This decreased accessibility may be the result of new legislation, increased law enforcement activity, and introduction of the prescription drug monitoring program in 2010-2011. Although these efforts may have reduced the number of opioid poisonings and deaths in the state, they have coincided with a resurgence in heroin use and deaths, a trend that has also been observed nationally. 4, 7 Another possible cause of the increase in heroin-related deaths identified in our analysis is the emergence of the abuse of fentanyl and its analog acetyl-fentanyl. Fentanyl, 
84S
Public Health Reports 132(Supplement 1) a synthetic and short-acting opioid analgesic, is 50 to 100 times more potent than morphine and is approved for managing acute or chronic pain associated with advanced cancer. 20 According to the US Drug Enforcement Administration, beginning in late 2013 and extending throughout 2014, several states, including Florida, reported spikes in overdose deaths due to fentanyl and acetyl-fentanyl. 21 Further study is warranted to determine if any of the increases in heroin-related deaths found in our analysis were attributable to fentanyl. Using the AHCA data, we observed that most heroinrelated ED visits were made by uninsured patients. This finding is consistent with another report, which showed that the people most at risk for heroin abuse or dependence were those who were uninsured. 22 Using spatial analysis, we found that clusters of heroinrelated deaths correlated with the ZIP codes of Orange County residents who most frequently made ED visits for heroin-related events. Using both the ESSENCE-FL and AHCA data sources, we also found that the hospitals with the most heroin-related ED visits were located in close proximity to the communities with the highest heroin-related morbidity rates. In light of these results from geographic information system mapping, targeted interventions to reduce the rates of heroin-related morbidity and mortality in these areas and hospitals may be warranted.
We completed our data timeliness analysis in the third quarter of 2015 and found that heroin-related morbidity data were available in ESSENCE-FL through the third quarter of 2015, whereas the AHCA morbidity data and the Florida Medical Examiner mortality data were both available in a less timely fashion. People involved in heroin surveillance should keep in mind the differences in timeliness of capturing heroin-related events among these 3 data sources. The rapid data availability from ESSENCE-FL may be particularly valuable in understanding a population health problem such as heroin poisoning in near-real time.
We presented the results of our analysis to the Orange County Heroin Task Force, which comprises key community leaders in law enforcement, health care, education, and prevention. We also shared our findings with the mayor of Orange County for use in strategic action planning. 23 Ultimately, we hope these results will allow for more informed policy decision making and for the allocation of more resources for heroin-related preventive interventions. Nevertheless, information is lacking about the circumstances leading to heroin poisonings and to heroin-related ED visits in Orange County. We speculate that interviews with heroin poisoning survivors might provide additional insight into the pathways leading to abuse, the methods used to obtain heroin, and the combination of drugs that result in overdoses and other heroin-related events.
Limitations
This analysis had several limitations. First, our use of ICD-9-CM codes alone to search for heroin-related ED visits in the AHCA database may not have captured all heroin-related ED visits; therefore, our AHCA-based results may have underestimated the true burden of heroin-related morbidity in Orange County from 2010 to 2014. Second, medical chart review was not available to verify heroin-related chief complaints, discharge diagnoses, other diagnoses, and external injury diagnoses in the data from the AHCA and ESSENCE-FL systems. Also, hospital discharge data are collected for billing purposes and tend to reflect care for which the payer is billed, but they may not always accurately reflect the primary reasons for a visit. A medical chart review would have been necessary to determine with more certainty that an ED visit was correctly attributed to heroin, which would have allowed us to determine the sensitivity and specificity of the codes and keywords that were used. Third, we were unable to capture information about race/ethnicity and insurance payer from the ESSENCE-FL database; as such, we were unable to compare data with the AHCA data for these variables. We have recommended that ESSENCE-FL data managers include race/ethnicity and payer information in ESSENCE-FL in the future because these data are important for targeted heroin interventions. Finally, this analysis was specific to Orange County; as such, the results may not be generalizable to the rest of Florida or the United States.
Conclusions
Our analysis of 3 data sources-Florida Medical Examiner, AHCA, and ESSENCE-FL-showed an observable increase in and similar trends for heroin-related morbidity and mortality in Orange County from 2010 to 2014. The 3 sources are acceptable surveillance systems that can be used to monitor heroin-related events in Orange County. Although data from ESSENCE-FL may overestimate the true burden of heroinrelated morbidity and mortality, the timely availability of data from ESSENCE-FL may make it the most useful data source for obtaining near-real-time understanding of this population health problem, until data from potentially more complete sources (eg, ACHA and Florida Medical Examiner) become available for analysis. Ultimately, a better understanding of heroin-related events may lead to the 
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improved identification of high-risk populations, which are potentially most in need of interventions, to reduce heroinrelated morbidity and mortality.
